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A physically and mentally well healthcare workforce is vital to a 
country’s ability to manage patients effectively in the face of the 
SARS-CoV-2 pandemic.[1] South African (SA) healthcare workers 
(HCWs) have played a relentless and crucial role in the fight against 
SARS-CoV-2 infections, and continue doing so. HCWs have had to 
rapidly adapt practices and face high risks of burnout,[2] stigmatisation 
and physical exhaustion, as well as witness the loss of their patients, 
friends and family members. Furthermore, hospital administrative staff 
and support staff have also provided essential services to ensure the 
efficiency of healthcare services. Against this backdrop, many HCWs 
and essential support staff have acquired SARS-CoV-2 infections and 
a substantial number have died – as of 4 August 2020, there had been 
27 360 infections and 443 deaths among SA HCWs.[3]
The majority of the HCW infections (78%) were in the public 
sector, while the majority of HCW deaths were in the private health 
sector (54%).[3] The vast majority of HCW-related infections have 
occurred among nurses. Infection and mortality rates have differed 
across provinces, but the reported national HCW infection rate of 5% 
in August 2020 was well below the 10% global average.[3] Global data 
indicate that HCW infection rates range from 4% to 20%.[4-9]
Variations in reported HCW infection rates can be attributed to a 
multitude of reasons, including human resource shortages, personal 
protection equipment (PPE) quality concerns or shortages thereof, 
duration of exposure, inadequate hand hygiene, poor compliance 
with infection prevention and control (IPC) policies, aerosolisation 
risks, or the type of service provided by the discipline. From an SA 
perspective, there is a paucity of data pertaining to infection rates 
among hospital staff. The global and national variations in risk of 
infection acquisition necessitate gathering of local data in order to 
identify gaps and to mitigate risk where necessary.
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Background. The availability of well and functional healthcare workers (HCWs) and support staff is pivotal to a country’s ability to 
manage the COVID-19 pandemic effectively. While HCWs have been identified as being at increased risk for acquisition of SARS-CoV-2 
infection, there is a paucity of data pertaining to South African (SA) HCW-related infection rates. Global and provincial disparities in these 
numbers necessitate local data in order to mitigate risks.
Objectives. To ascertain the overall SARS-CoV-2 infection rates and outcomes among all hospital staff at three hospitals in the Tshwane 
district of Gauteng Province, SA, and further determine associations with the development of severe COVID-19 disease.
Methods. This retrospective audit was conducted across three academic hospitals in the Tshwane district for the period 1 June - 31 August 
2020. Deidentified data from occupational health and safety departments at each hospital were used to calculate infection rates. A more 
detailed analysis at one of the three hospitals included evaluation of demographics, work description, possible source of SARS-CoV-2 
exposure (community or hospital), comorbidities and outcomes.
Results. The period prevalence of SARS-CoV-2 infections ranged from 6.1% to 15.4% between the three hospitals, with the average period 
prevalence being 11.1%. The highest incidence of SARS-CoV-2 infections was observed among administrative staff (2.8 cases per 1 000 
staff days), followed by nursing staff (2.7 cases per 1 000 staff days). Medical doctors had the lowest incidence of 1.1 cases per 1 000 staff 
days. SARS-CoV-2 infections were categorised as either possibly community or possibly healthcare facility acquired for 26.6% and 73.4% of 
the infections, respectively. The administrative group had the highest proportion of possible community-acquired infections (41.8%), while 
doctors had the lowest (6.1%). The mean age of individuals with mild and severe disease was 41 years and 46.1 years, respectively (p=0.004). 
The presence of comorbidities was significantly associated with severity of disease (p=0.002).
Conclusions. This study highlights that hospital staff, including administrative staff, are clearly at high risk for acquisition of SARS-CoV-2 
infection during a surge.
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Objectives
To ascertain the overall SARS-CoV-2 infection rates and outcomes 
among all hospital staff (HCWs, administrative staff and support 
staff) at three academic hospitals in the Tshwane district of Gauteng 
Province (GP), SA. Additionally, we sought to determine associations, 
if any, with the development of severe disease.
Methods
This retrospective audit was conducted at Steve Biko Academic 
Hospital (SBAH), Dr George Mukhari Academic Hospital (DGMAH) 
and Kalafong Provincial Tertiary Hospital (KPTH) for the period 
1 June - 31 August 2020. The human resources department of each 
hospital provided their staff register. Deidentified records from the 
occupational health and safety department (OHSD) of each hospital 
were accessed to determine the number of staff positive for SARS-
CoV-2 infection for the study period.
The OHSD records for the SBAH cohort were additionally utilised 
to capture staff demographics, work description, likely source of 
SARS-CoV-2 exposure (community or hospital), comorbidities and 
outcomes. While we initially intended to do this for all hospitals, it 
was not possible for DGMAH and KPTH owing to a high proportion 
of missing variables.
Ethical clearance was obtained from the University of Pretoria 
Research Ethics Committee (ref. no. 325/2020).
The SBAH cohort was allocated to one of the following categories:
Administrative staff. Office-based staff and administrative staff 
based at hospital entry points to the wards or theatre complexes. For 
administrative staff, precautions are in place to avoid direct patient 
contact.
Allied healthcare professionals. All healthcare professionals 
other than nurses and medical practitioners, including pharmacists, 
dieticians, physiotherapists, clinical technologists, radiographers and 
occupational therapists.
Medical doctors. All medical practitioners, including trainees, 
interns and medical hospital managers.
Nursing staff. All nursing staff, including nursing managers.
Support staff. Non-HCWs who play a role in ensuring the 
efficiency of hospital services, including cleaners, porters and food-
catering staff.
An infection was ascribed to being possibly community acquired 
or possibly healthcare facility acquired based on documentation of a 
known contact in the community or healthcare facility, respectively. 
Severity of SARS-CoV-2 infection was defined as mild (not requiring 
hospitalisation), moderate (necessitating hospital admission), or 
severe (ICU admission or death). For the purposes of analysis, we 
combined the moderate and severe infections into the severe category.
The hospital staff database provided by the respective human 
resources departments was used to categorise the staff work 
description and to calculate infection rates for each hospital. The 
Coronavirus COVID-19 (2019-nCoV) Data Repository for South 
Africa was used to access national and provincial statistics to permit 
infection rate comparisons with available Gauteng provincial and 
national data for the general population.
Statistical analysis
Frequencies and proportions were used to describe categorical 
variables. Continuous variables were described using means and 
standard deviations (SDs). The χ2 test was used to determine crude 
associations between categorical variables, including severity of SARS-
CoV-2 infections. In order to estimate incidence, data were aggreg ated 
at level of staff category (administrative, allied healthcare professionals, 
medical doctors, nurses, support) by month of observation (June, July, 
August). The number of staff in each of the categories was assumed to 
be the same for each month. Staff days per month (exposure) for each 
staff category was calculated as the number of staff in the category × 
the number of days in the month (30 for June, 31 for July and 
August) × 5 days (assumed number of days per week). For doctors, 
the assumed number of days per week was 6. Poisson regression 
analysis was used to model the number of SARS-CoV-2 cases for a 
staff category in a month, with staff days/1 000 as exposure. Crude 
unadjusted incidence is reported as the predicted number of cases per 
1 000 staff days with associated 95% confidence intervals (CIs). To 
estimate incidence for months over hospitals, and vice versa, models 
were fitted with an intercept and main effect for month and hospital, 
respectively. A model with main effects for month and hospital, as 
well as an interaction term, was used to estimate incidence at each 
month-hospital combination. A similar approach was used to estimate 
incidence for staff groups across months for SBAH. Model-based 
inference was done in order to compare the incidence between SBAH 
and the other hospitals. The incidence for doctors was compared with 
the average incidence for the other four staff categories, also using the 
model estimates. Observed case and death data for SA and GP were 
retrieved for June  - August 2020 from the Coronavirus COVID-19 
(2019-nCoV) Data Repository for South Africa. Mid-year population 
estimates for 2020 for SA and GP were retrieved from the relevant 
report by Statistics South Africa.[10] All analysis was conducted using 
Stata 16 (StataCorp, USA). Statistical significance was set at 5%.
Results
The period prevalence of SARS-CoV-2 infections ranged from 6.1% 
(95% CI 5.1 - 7.2) to 15.4% (95% CI 14.2 - 16.6) in the three hospitals 
(Table 1), with an overall average of 11.1% (95% CI  10.5 - 11.7). 
SBAH demonstrated the highest percentage of infections.
During the same period, 594 089 new cases were observed in SA, 
of which 205 875 were recorded in GP. This translates to 0.1% and 
1.3% of people being infected in SA and GP, assuming 2020 mid-
year population estimates of 59.62 million and 15.5 million people, 
respectively.[10,11]
Incidence of SARS-CoV-2 infections
The study hospitals, GP and SA exhibited a similar trajectory in 
terms of the rise and fall of infections during the study period, with 
Table 1. Period prevalence of SARS-CoV-2 infections, June - August 2020
Indicator SBAH DGMAH KPTC Total
Total staff employed, n 3 682 4 800 2 092 10 574
Staff days, n 247 913.7 315 428.57 137 474.4 700 816.6
SARS-CoV-2 infections, n 567 482 127 1 176
Period prevalence, % (95% CI) 15.4 (14.2 - 16.6) 10.0 (9.2 - 10.9) 6.1 (5.1 - 7.2) 11.1 (10.5 - 11.7)
SBAH = Steve Biko Academic Hospital; DGMAH = Dr George Mukhari Academic Hospital; KPTH = Kalafong Provincial Tertiary Hospital; CI = confidence interval.
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infections rising sharply in June, peaking in 
late July and declining towards the end of 
August (Fig. 1).
The overall incidence of infections 
among all hospital staff was 1.7 (95% 
CI  1.6 - 1.8) per 1 000 staff days (Table 2). 
SBAH demonstrated a significantly higher 
incidence of 2.3 (95% CI 2.1 - 2.5) compared 
with DGMAH, which had an incidence of 
1.5 (95% CI 1.4 - 1.7) (p<0.001) and KTPH, 
which had an incidence of 0.9 (95% CI 0.7 - 
1.1) (p<0.001).
Severity of SARS-CoV-2  
infections
Hospital admission was necessary for 
7.8% and 2.7% of SARS-CoV-2 infections 
for SBAH and DGMAH hospital staff, 
respectively. The observed case fatality rate 
was 0.8% for both hospitals. There were 
4 deaths in the SBAH cohort and 2 in the 
DGMAH cohort.
A high proportion of missing variables 
in the records at DGMAH and KPTH 
precluded their inclusion for any further 
analysis, so the results that follow are 
restricted to SBAH.
Steve Biko Academic Hospital
SBAH had 3 682 staff members during the 
study period, of whom 567 acquired SARS-
CoV-2 infection. The highest incidence 
of SARS-CoV2 infections (Table 3 and 
Fig. 2) was observed among administrative 
staff, who experienced 2.8 (95% CI 2.2 - 
3.4) cases per 1 000 staff days, followed 
by nursing staff with 2.7 (95% CI 2.3 - 
3.0). Medical doctors displayed the lowest 
incidence, 1.1 (95% CI 0.8 - 1.4), which 
is significantly lower than the averaged 
incidence across the other staff categories 
(p<0.001).
The mean (SD) age of the 567 SBAH 
staff members who acquired SARS-CoV-2 
infection was 41.3 (10.3) years, and the 
majority of infections were among females 
(82.7%). Nursing staff comprised the 
largest staff group developing an infection 
(47.6%), followed by support staff (22.1%), 
administrative staff (15.3%), allied healthcare 
professionals (7.8%) and medical doctors 
(7.2%). Furthermore, 26.6% and 73.4% of 
SARS-CoV-2 infections were categorised 
to be probably community- or healthcare 
facility-acquired infections, respectively. 
The breakdown of community v. hospital 
acquisition is shown in Table 4.
Severity of disease could be categorised 
for 498 of the 567 SARS-CoV-2 infections 
(87.8%) (Table 5). Support staff experienced 
the highest proportion of severe cases 
(10.6%) and medical doctors the lowest 
(8.1%); however, this difference was not 
significantly different for the various staff 
categories (p=0.745). The mean (SD) age 
of those who had mild and severe disease 
was 41.0 (10.3) years and 46.1 (10.3) years, 
respectively, and was found to differ 
signifi cantly (p=0.004). The presence of 
comorbidities was significantly associated 
with severity of disease (p=0.002).
Discussion
The study demonstrated an overall period 
prevalence of 11.1% (95% CI 10.5 - 11.7) of 
SARS-CoV-2 infections among all hospital 
staff, which is significantly higher than the 
1.3% prevalence in the general population of 
GP for the same period.[10,11] In the Tshwane 
region, the earlier preparedness of SBAH 
initially resulted in acceptance of SARS-
CoV-2 patient transfers from Thembisa 
Hospital, DGMAH and KPTH during the 
study period. Additionally, SBAH combined 
its workforce with Tshwane District Hospital 
(TDH) to create the SBAH-TDH complex 
to manage SARS-CoV-2 patients. A self-
screening application was developed at 
SBAH and was available to all staff members. 
Staff who did not have access to this app 
were alternatively screened at the hospital 
entrances by completing a paper checklist. 
Infrared temperature measurements were 
taken on all staff members before they 
entered the hospital. Strict IPC practices 
were in place, with sanitisers available at 
the hospital entrances and in all corridors. 
Visual reminders were strategically placed 
at multiple points around the hospital to 
encourage social distancing, hand hygiene 
and wearing of face masks. Markings on 
the floor at clinics, pharmacies and other 
areas where queuing was anticipated served 
as reminders to ensure social distancing. 
Table 2. Incidence (per 1 000 staff days) of SARS-CoV-2 infections, June - August 2020
 
                June                 July              August                      Total
n 95% CI n 95% CI n 95% CI n 95% CI
DGMAH 138 0.8 (0.6 - 0.9) 263 2.5 (2.2 - 2.8) 81 1.3 (1.1 - 1.6) 482 1.5 (1.4 - 1.7)
SBAH 68 1.1 (0.8 - 1.3) 411 4.9 (4.4 - 5.4) 88 0.8 (0.6 - 1.0) 567 2.3 (2.1 - 2.5)
KPTH 23 0.5 (0.3 - 0.7) 82 1.5 (1.2 - 1.9) 22 0.8 (0.5 - 1.0) 127 0.9 (0.8 - 1.1)
Total 229 0.8 (0.7 - 0.9) 756 3.1 (2.9 - 3.4) 191 1.1 (0.9 - 1.2) 1 176 1.7 (1.6 - 1.8)































































DGMAH           KPTH              SBAH                 SA    GP
Fig. 1. Weekly number of new cases for the study hospitals, GP and SA. (GP = Gauteng Province; 
SA = South Africa; DGMAH = Dr George Mukhari Academic Hospital; KPTH = Kalafong Provincial 
Tertiary Hospital; SBAH = Steve Biko Academic Hospital.)
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Among hospital staff at SBAH, the period 
prevalence of 15.3% (95% CI 13.8 - 16.8) may 
be attributed to various factors, including 
the sudden increase in workload, the need 
for staff to work in ‘neo-wards’, and cross-
discipline exposure to SARS-CoV-2 wards. 
The cross-discipline assistance by HCWs 
during the first-wave surge period precluded 
evaluation of duration and level of exposure 
per discipline, as well as discipline-related 
risks. As expected, the three study hospitals, 
GP and SA exhibited a similar trajectory 
for the incidence of new cases, in that there 
was a sharp rise in June, with a peak in 
late July and a subsequent decline towards 
the end of August.[10] This parallel in the 
community and HCW trajectories is to be 
expected, as the number of infections in the 
community influences exposure of HCWs to 
the infection.
The high incidence of infections observed 
among the hospital staff is not unexpected, 
as previous studies have found HCWs to be 
at increased risk of acquiring SARS-CoV-2 
infection.[4] Our study is unique in that it 
included all hospital staff.[8] We believe that 
it is important to ascertain infection rates 
even for essential workers with non-direct 
exposure to patients, such as administrative 
staff, who need to leave their homes during 
lockdown periods, travel to work, and then 
enter their workplace through a common 
hospital entrance. Most studies evaluating 
infection rates have either focused on staff 
who have the potential for direct or indirect 
exposure to patients or infectious materials, 
or not specified the level of exposure.[4] 
An observational cohort study in the UK 
and in the USA of the general community, 
which included front-line HCWs, concluded 
that front-line HCWs were at increased 
risk for reporting a positive SARS-CoV-2 
test. [4] Furthermore, a systematic review 
and meta-analysis by Gómez-Ochoa et 
al.,[9] which included 97 studies, found the 
overall prevalence of SARS-CoV-2 infection 
to be 11% (95% CI 7 - 15) among HCWs. [9] 
Similarly, a study from Qatar reported a 
10.6% positive test rate in a cohort of 16 912 
HCWs.[6] Ideally, a true estimate of hospital 
staff infection rates needs to consider and 
account for asymptomatic infections. Routine 
surveillance of hospital staff or HCWs for 
asymptomatic infections is not standard 
practice.[12] Zou et al.[13] demonstrated 
similar viral loads in symptomatic patients 
compared with asymptomatic individuals, 
highlighting the potential for transmission. 
While there has been a call for surveillance 
testing of HCWs to curtail intrahospital 
spread of SARS-CoV-2, its cost-effectiveness 
is unknown, and it highlights the importance 
of exploring screening tools.[14,15]
Our findings suggest that the majority of 
infections were likely to have been hospital 
acquired. However, even for infections 
thought to be acquired in the community, the 
contact is often not identified. Furthermore, 
it is difficult to control for unknown 
confounders, including asymptomatic 
infections among staff and patients, and in 
the community. The fact that the infection 
incidence was 2.8 (95% CI 2.2 - 3.4) and 
2.7 (95% CI 2.3 - 3.0) cases per 1  000 staff 
days for administrative and nursing staff, 
respectively, with the proportion of possible 
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community-acquired infections being 41.8% and 17.2%, illustrates 
this point. A study by Zaina et al.[16] on HCWs found the highest 
percentage of infections to be among support and administrative 
staff at 5.6%; however, 43.1% of these infections were community 
acquired. HCW-to-HCW spread is thought to be more common than 
spread between HCW and patient;[7] this may be attributed to the use 
of shared spaces, including tearooms and sleeping spaces, leading to 
poor compliance with social distancing protocols. [16] In a report from 
Trieste, North-East Italy, cluster outbreaks were identified among 
HCWs, suggesting transmission among staff members rather than 
between patients and staff members.[7]
At the peak of the infections in July, the administrative group 
demonstrated the highest percentage of infections, probably because 
of community-acquired rates that were higher than the estimated 
rate. [16] Administrative staff are mainly office based and work with 
minimal exposure to patients. Infections in this category probably 
tend to reflect individual IPC practices. Even if infections are 
community acquired, their high acquisition rate during lockdown 
restrictions suggests that essential workers are at higher risk of 
acquisition than the general community. The rate of infections among 
nurses was higher than that among doctors. This finding is in keeping 
with previous studies, which have attributed it as being due to longer 
patient contact time.[9] The issue of shift working, communal tearooms 
and shared spaces also affects nurses more than doctors.
Hospital support staff are often in direct contact with the patients’ 
environment, such as eating utensils and contaminated linen, despite 
there being no direct contact with patients. During the first month, the 
support staff category demonstrated the highest number of infections. 
This finding may be attributed to lack of familiarity with PPE, or 
the time required for the IPC learning curve at the start of the first 
wave. Doctors, nurses and allied healthcare professionals were already 
familiar with IPC, and mandatory comprehensive SARS-CoV-2-
related PPE training programmes would have further reinforced IPC 
strategies for them. Once cluster outbreaks were identified, renewed 
PPE training programmes were reinforced at SBAH.
In keeping with previous studies, we also found that age was 
associated with disease severity.[17,18] The mean (SD) age in the mild 
group was 41.0 (10.3) years and that in the severe group 46.1 (10.3) 
years.
Table 4. Community- v. healthcare facility-acquired infections 
among the SBAH staff categories, June - August 2020
Staff category Community Hospital Total
Administrative
n 33 46 79
Row % 41.8 58.2 100
Col. % 25.2 12.7 16.02
Allied HCPs
n 11 30 41
Row % 26.8 73.2 100
Col. % 8.4 8.3 8.32
Doctors
n 8 26 34
Row % 23.5 76.5 100
Col. % 6.1 7.2 6.9
Nurses
n 39 188 227
Row % 17.2 82.8 100
Col. % 29.8 51.9 46.0
Support
n 40 72 112
Row % 35.7 64.3 100
Col. % 30.5 19.9 22.7
Total
n 131 362 493
Row % 26.6 73.4 100
Col. % 100 100 100
SBAH = Steve Biko Academic Hospital; HCPs = healthcare professionals.











Gender           0.942
Female 381 (91.8) 25 (6.0) 5 (1.2) 4 (1.0) 415 (100)
Male 76 (91.6) 7 (8.4) 0 0 83 (100)  
Total 457 (91.8) 32 (6.4) 5 (1.0) 4 (0.8) 498 (100)  
Staff category           0.745 
Admin 75 (94.9) 4 (5.1) 0 0 79 (100)
Allied HCPs 38 (92.7) 3 (7.3) 0 0 41 (100)  
Doctors 34 (91.9) 2 (5.4) 1 (2.7) 0 37 (100)  
Nurses 209 (91.7) 13 (5.7) 2 (0.9) 4 (1.8) 228 (100)  
Support 101 (89.4) 10 (8.8) 2 (1.8) 0 113 (100)  
Total 457 (91.6) 32 (6.4) 5 (1.0) 4 (0.8) 498 (100)  
Contact setting     0.006
Community 113 (86.3) 14 (10.7) 2 (1.5) 2 (1.5) 131 (100)
Hospital 340 (93.9) 18 (5.0) 3 (0.8) 1 (0.3) 362 (100)  
Total 453 (91.9) 32 (6.5) 5 (1.1) 3 (0.6) 493 (100)  
Risk factors     0.002
Comorbidities 187 (87.8) 20 (9.4) 3 (1.4) 3 (1.4) 213 (100)
None 268 (95.4) 12 (4.3) 1 (0.4) 0 281 (100)  
Total 455 (91.9) 32 (6.5) 4 (0.8) 3 (0.6) 494 (100)  
SBAH = Steve Biko Academic Hospital; ICU = intensive care unit; HCPs = healthcare professionals.
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The significant association between the presence of comorbidities 
and disease severity at SBAH is supported in previous studies 
conducted in the general population.[18,19] These comorbidities 
include cardiovascular disease, diabetes mellitus, chronic kidney 
disease, chronic respiratory disease, hypertension and malignancy. 
Obesity and smoking have also been reported to be associated with 
an increased risk of severe disease.[18,19] SBAH recorded a 0.8% staff 
fatality rate for SARS-CoV-2 infections during the study period. This 
figure is far lower than the case fatality rates of 2.3% and 1.7% for the 
same period for SA and GP, respectively, but the number of severe 
staff cases was too low to permit meaningful comparisons.[10,11]
Our findings clearly demonstrate that SA HCWs from the Tshwane 
district of GP are at high risk of acquiring SARS-CoV-2 infection in 
comparison with the general population, but that these acquisition 
rates are in alignment with observations documented in several 
other countries. Compared with the initial report in August 2020,[3] 
these findings are probably more reflective of the reality in SA public 
hospitals.
Study limitations
We acknowledge the following limitations: (i) poorly recorded 
data with missing variables for staff infections – for this reason, we 
excluded two hospitals for the in-depth analysis; (ii) the number of 
infections is likely to be underestimated, as all staff with infections 
may not have reported this to the OHSD; (iii) the small number of 
severe infections may have precluded meaningful statistical analysis; 
and (iv) we utilised the staff categories listed earlier for ease of use, 
but the level of exposure to patients may have varied within a group 
(e.g. a small proportion of medical doctors would have had minimal 
patient contact, and among nurses the extent of exposure would have 
varied depending on their duties) – however, we could not adjust for 
this, based on the available data captured by the OHSD and the fact 
that cross-discipline assistance and exposure were a reality during 
the surge.
Conclusions
This study highlights that hospital staff, including administrative 
staff, are at high risk for acquisition of SARS-CoV-2 infection during 
a surge, even with strict IPC practices and screening mechanisms in 
place. This increased risk may be attributed to increased workload, 
increased exposure of HCWs to patients, and cross-discipline work 
in unfamiliar environments, while the possibility of community 
acquisition should not be disregarded. At the time of writing, SA 
had experienced a second wave and was in the midst of a third wave. 
Patient numbers have increased with each subsequent wave globally, 
and did so in SA for the second wave. It would be interesting to review 
hospital staff acquisition rates for the subsequent surge periods, 
taking into account the higher patient numbers and the greater 
amount of patient sharing against the backdrop of the expected 
improvements in IPC adherence and vaccination uptake among the 
staff. It is evident that SARS-CoV-2 infections were not adequately 
recorded during the study period, at two of the hospitals in particular, 
and this needs to be reviewed and improved if necessary.
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